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Abstract 
Avocado tree plays an important role in influencing soil properties and under storey plants. Thus, 
evaluating its influence becomes valuable for identifying sustainable land management practices. With 
the objectives of assessing the effect of avocado tree on selected soil properties and understorey plants, 
thirty (30) model farmers were selected from three Woredas using simple random sampling technique 
for semi-structured interview. In addition, a total of 72 composite and undisturbed soil samples were 
collected using RCBD design to analyze chemical, physical and biological properties of the soil. 
Understorey plants were counted within 2m
2
 at each treatment for determination of richness (S) and 
Shannon diversity index (H
'
). Root distribution was counted within 0.2m
2
 area. The result of the study 
indicated that all farmers in the study area have witnessed the negative impacts of avocado tree on soil 
and understorey plants. However, the soil analysis didn't support the farmer's apprehension. SOC, TN, 
Pt and sand decreased while bulk density, silt and clay fractions increased along treatments and soil 
depths. Species richness and diversity of plants increased along the treatments. Higher root density was 
observed at the top soil surface and becomes less in number along treatments. SOC played a vital role 
in influencing soil properties in the area. Management differences (land use, shading and spacing), 
micro-climate variability and hydrology might be the contributing factors for the influence of avocado 
tree on the soil and understorey plant. Thus, adjusting the spacing between avocado trees, land use and 
implementing site-specific management practices may reduce the problem.  
Key Words: Model Farmers; Persea Americana; Soil Properties; Under storey Plant.  
1. Introduction 
1.1. Background and Justification 
 Majority of Ethiopian population’s (85%) 
livelihood depends on agriculture (Tilashwork 
chanie, 2009; Hultman, and Näsström, 2012). 
There are more people that predominantly 
depend on subsistence farming system and 90% 
of the country's agricultural output is using 
traditional way of production (Hultman, and 
Näsström, 2012). In the past decades, the 
subsistence farming system was unable to feed 
the ever-increasing human population of the 
country (Jouquet et al. (2007). As a copping 
mechanism, expansion of cultivated land at the 
expense of well-adapted and nutrient additive 
trees has been the major manifestation of 
increased human population in the country. As a 
result, the problem of food insecurity and lack of 
fuel wood become more pronounced in the 
country in the past decades. 
 To minimize food insecurity problems of 
the country, the Ethiopian government has made 
a lot of efforts towards introducing economically 
viable tree species for the farmers in the country. 
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However, during selection of economically 
viable tree species, the concept of environmental 
friendship has been ignored in the country. 
Scholars like (Hultman, and Näsström, 2012) and 
(Jouquet et al. (2007) have stated that during 
introducing a new tree species into a new area, 
economic and environmental viability are the 
major criterion that must be taken in to 
consideration. From many different fruit tree 
species introduced in Ethiopia during the past 
effort, avocado (P. americana) tree was 
magnificent. This tree (avocado) could be able to 
grow in many parts of Southern Ethiopia. 
 In Gedeo Zone, large number of farmers' 
livelihood depends on the production of avocado 
trees in the traditionally managed agro forestry 
system (physical observation). The fruit tree has 
multiple uses including its contribution to 
people’s diet and fetching good money for rural 
households (Ketema Yilma et al., 2010). It has 
large market share and demand and as a result, 
farmers have planted large number of avocado 
tree on their farm without appropriate land use 
planning. After long time experience, they 
recognized that the tree has some effect on the 
soil as well as on the under storey plants. 
According to the local farmer's view, the soil 
under the canopy of avocado tree is unable to 
support plant growth.  
 There are a lot of researches that have 
been conducted on avocado (P. americana) fruit 
trees by different researchers, but all haven't 
shown its effect on the soil and crops found 
under its canopy. Majority of their works 
concentrated on rooting system of avocado (P. 
americana) fruit trees. For instance (Ferreyra et 
al., 2007) has conducted research on avocado 
tree planted on four types of soil textural classes 
and a weak performance is observed on clay soil. 
Similarly (Garcia and Flores, 1986; Durand and 
Claassens, 1987; Schaffer, 2006; Ferreyra and 
Sellés, 2010) have reported that avocado trees 
planted in soil with high macro porosity and high 
rain fall have shown roots that are shallow, low 
frequency of root hairs, high demand of oxygen 
and poor water intake. Ferreyra et al. (2007) has 
tried to show the suitable soil for the normal 
growth of avocado trees. On the top of this, soils 
with low bulk density (0.5-0.8 g cm
-3
), high 
macro-porosity (greater than or equal to 46%), 
high content of organic matter and a soil pH 
between 5 and 6 are more suitable for avocado 
trees production.  
 However, very little is known about the 
effect of avocado on the soil properties as well as 
on under storey plants in Ethiopia. Moreover, 
quantitative and documented evidences are 
scanty in the area. Even the existing studies are 
more concentrated on the influence of the soil on 
avocado (P. mericana) tree in relation with its 
rooting system but not its effect on the soil and 
under storey plants. Therefore, understanding its 
effect play an importance role in designing and 
implementing site-specific management practices 
in the area. So therefore, this research was 
generally aimed to investigate and assess the 
effect of avocado (P. americana) on selected soil 
properties and under storey plants in Southern 
Ethiopia. 
2. Materials and Methods 
2.1Description of the Study Area 
 The study was conducted in Dara woreda 
(Sidama zone), Dilla Zuria woreda (Gedeo Zone) 
and Abaya woreda (Borena zone), Southern 
Ethiopia. The three research areas are located on 
average at about 359 km away from Addis 
Ababa and found in the escarpments of rift valley 
facing Lake Abaya in the west direction.  
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Astronomically, it extends from 6
o
18'54'' to 
6
o
26'85'' N latitude and from 38
o
18'53'' to 
38
o
29'63'' longitude.  
       The altitude ranges from 1350 m to 1950 m 
above sea level.  The area lies in the inter-
tropical convergence zone; as a result it benefits 
from both equatorial and monsoon trade winds in 
the region (Tadesse Kippie, 2002). As a result, 
the study area is characterized by a bimodal 
rainfall distribution with a maximum between 
March to June (main rainy season), and a 
relatively minimum rainfall between August and 
October (Figure 1). The mean annual 
temperature was 20.7 
0
C, while the mean 
monthly temperature ranges from 20.1 to 21.9 
0
C.  
      The dominant soil type in the study is 
chromic luvisol (Demelash Wendemeneh, 2010) 
with dusky red (2.5 YR 3/2, moist) to dark brown 
(7.5 YR 3/2, moist) surface horizon; and dark 
reddish brown (2.5 YR 3/4, moist) to reddish 
brown (5 YR 4/4, moist) subsurface horizon. Its 
surface horizon is also characterized by a 
granular to crumb structure, porous and well 
aerated with good internal drainage potentials 
that can be suitable for a wide range of 
agricultural uses. It has an argillic B (Bt) horizon 
due to higher accumulation of clay compared to 
the overlying surface horizon. The land use 
system of the study area is a mixture of crop 
farming and agro forestry system. Agro forestry 
based conservation tillage is the most common 
type (which cover around 78.5% of the total land 
area) of land management practice. 
2.2 Soil sampling and laboratory analyses 
 Experimental design and layouts was 
performed by using a transect line (Anderson and 
Ingram, 1993). Avocado (P. american) tree with 
age greater than or equal to 15 years was 
selected. For this purpose, a transect line was laid 
from avocado tree up to 10m distance 
horizontally. Along the transect line, sampling 
points were marked and taken at 1, 2, 5 and 10 m 
at three soil depths of 0-15, 15-30 and 30-60 cm. 
Each sampling point was replicated two times in 
each research site. From each research sites, a 
total of 24 composite and undisturbed soil 
samples were collected. A total of 72 disturbed 
and undisturbed soil samples (4 treatment * 2 
replication * 3 soil depth * 3 blocks) were 
collected from the whole research sites using 
Randomized Complete Block Design (RCBD). 
Prior to laboratory analysis, the collected soil 
samples were air-dried at room temperature, 
crashed and passed through a 2mm diameter 
sieve (Fantaw Yimer et al., 2006) and made 
ready for laboratory analysis.  
 The soil textural fractions were 
determined following the hydrometer method 
after the soil was dispersed using sodium 
hexametaphosphate solution in the laboratory 
(USDA, 1972). SOC was determined according 
to the Walkley and Black method (Schnitzer, 
1982). Soil bulk density was determined 
following (Hillel, 2004) after an oven drying at 
105
o 
C for 24 h. Total porosity was determined 
according to (Oguike, and Mbagwu, 2009) 
assuming a particle density (Pd) of 2.65. The 
gravimetric soil moisture content (SMC, %) and 
soil pH were calculated following the standard 
methods. The analysis was carried out based on 
pH-H2O ratio of 1:2.5 (soil: water ratio). 
Electrical Conductivity (EC, ds m
-1
) was 
determined following the method employed by 
(Bremner, and Mulvaney, 1982). Total Nitrogen 
(TN %) was measured following Kjeldahl 
method (Nelson and Sommer, 1982).  
 Concerning soil macro-fauna, observable 
organisms were collected using simple counting 
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techniques along the treatments as suggested by 
Anderson and Ingram, 1993). The collection was 
carried out from 1m, 2m, 5m and 10m along 
horizontal distance away from avocado trees and 
along the soil depth (0-15cm, 15-30cm and 30-
60cm).  To check the overall effects of avocado 
trees on understorey plants, the number of plants 
was counted within 2 m
2
 (1m along the transect 
line *2m in the other direction that make 90
0
 
with the transect line) area at 1, 2, 5 and 10 m 
horizontal distance away from avocado tree 
(Tilashwork chanie, 2009). Therefore, richness 
(S), Simpson diversity index (H
'
) and equitability 
index (E) were calculated for comparing the 
number and abundance of plants under the 
canopy of avocado trees. The plants considered 
as understorey were less than 1.5 m in height. In 
addition, the root distribution of avocado tree 
was examined along the treatments. Roots were 
counted within 0.2 m
2 
(1 m length x 0.2 m width) 
area. Then, comparisons were done along 
horizontal distance and vertical soil depth. For 
understanding the farmers' view, 30 model 
farmers were selected for semi-structure 
interview using simple random sampling 
techniques. 
 Laboratory results were analyzed using 
General Linear Model (GLM) procedure of SPSS 
version 20.0 for windows (SPSS Inc., Chicago, 
USA). Analysis of variance (ANOVA) was 
employed to test the degree of variations. 
Tukey’s Honest Significance Difference (HSD) 
test was used when the mean separation showed 
statistically significant differences (p < 0.05). 
3. Results and Discussion 
3.1Farmers’ View about the Impact of Avocado 
Tree on the Soil and Understorey Plant. 
 The interviewed farmers had age ranging 
from 39 to 45 years with education level that 
varies from illiterate to grade eight. Avocado tree 
planting in the area was commonly for additional 
income generation (70 %) with little attention 
given for environmental conservation. The 
source of avocado seedlings was the farmer's 
themselves (100%). As a result, the farmers 
didn't wait the government for improved variety 
of avocado seedling for their farm. Spacing 
between avocado trees was found to be the most 
influencing factor in the study area. Farmers 
plant the seedling with an average spacing of 2m. 
Planting is carried out arbitrarily in their farm 
(50 %) without allocating appropriate area for 
avocado seedlings and this in turn resulted in 
narrow spacing between avocado trees in the 
farm. Planting avocado tree without the required 
spacing may intensify the moisture competition 
and shading effect on understorey plants. 
Avocado tree could be possibly planted within 5-
7 m spacing in rows and 7-9 m between rows 
which is by far different from the situation in the 
study area (Coit, 1940; Orwa et al., 2009).   
 Almost all respondents (95 %) perceived 
that avocado fruit tree has some effect on the 
soil, soil moisture and plant species found 
understorey. The effect could be variable and it is 
based on the plant's degree of sensitivity (Orwa 
et al., 2009; Atucha et al., 2013). All plant 
species are not equally sensitive. For instance, 
coffee could be able to survive the shading effect 
of avocado fruit trees, but the problem lays on 
the rooting system where majority of its root 
found on the top part of the soil. From their 
experience, they responded that root and tuber 
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crops were resistant while maize (60 %) was the 
most sensitive crop in the area. Because of its 
shading effect, strong water and nutrient 
competition, maize crop is unable to survive 
under the canopy of avocado trees. From long 
time experiences, farmers have discovered that 
major parts of avocado tree root (especially the 
fibrous root) are found on the upper part of the 
soil where most crops root system is found. As a 
result, there is strong soil moisture competition 
with other crops found understory. During dry 
season, it is common to see dried and cracked 
soil near (60 %) the base of avocado tree relative 
to other points far from its base. The observed 
problems become more pronounced on the 
shallow soil depth (55%) and on sloping land (48 
%). Previous studies (For instance, Coit, 1940; 
Schaffer, 2006; Orwa et al., 2009; Ferreyra and 
Sellés, 2010; Atucha et al., 2013) have shown 
that avocado tree is naturally a surface rooting 
tree where the fine fibrous rootlets, which absorb 
water, food and air, develop in greatest 
abundance at or near the surface of the soil.  
     In order to minimize the effect of avocado 
tree on the soil as well as on under storey plants, 
the local farmers have considered different 
management system. Planting avocado tree on 
border and near the road was the common way of 
managing avocado tree by the farmers. In 
addition, reducing the number of avocado tree 
through cutting for fuel wood and timber (which 
is not common to see avocado timber in the 
market before five years) also considered as a 
strategy by the farmers. Since land is the most 
limiting factor in the study area, allocating a 
separate land use for avocado tree is totally 
impossible. 
 
3.2 Experimental Findings about the Effect of 
Avocado tree on the Soil Properties. 
3.2.1 Effect on the Physical Properties of the 
Soil 
3.2.1.1 Soil Textural Fractions 
 The result of soil analysis revealed that 
sand (p = 0.002), silt (p<0.001) and clay 
(p<0.001, Table 1) textural fractions were 
significantly varied within the research sites. 
Significant variations were observed along 
treatments on sand (p = 0.005) and silt (p = 
0.004, Table 1) textural fractions in all study 
sites except for clay soil fractions. Moreover, 
significance variation was also observed on silt 
(p<0.001) and clay (p<0.001) textural fraction 
along soil depth in the study areas. The soil 
textural classes for all soil samples taken from 0-
60 cm soil depth and the soil textural classes 
were found to be clay soil. Overall mean value of 
clay textural fraction was found higher in all 
Woredas as compared to sand and silt (Table 2) 
along all treatment. However, between Woredas, 
higher clay fraction was recorded at Abaya 
(69.2% Table 2) followed by Dara (57.6%) and 
Dilla Zuria (53.8%) Woredas. The figure 
indicates that overall mean of clay fraction 
increases along the treatments and the higher 
mean was recorded at 10m treatment as 
compared to sand and silt soil fractions. 
Similarly, overall mean of silt soil fraction was 
increased while the overall mean of sand fraction 
was decreased horizontally along the treatments. 
On the other hand, clay textural fraction 
increased along the soil depth and relatively 
higher value was found in the lower layer (30-60 
cm), whereas sand and silt textural fractions 
found to be decreasing along the soil depth. 
Different research findings (for instance, Aubert 
et al., 2003; Dauber et al., 2003, and Mathieu et 
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al., 2009) have stated that avocado do best in 
soils with a clay content of between 20 and 40 %. 
If the clay content is below 20 %, the soil limits 
water-retention capacity and unless optimum 
irrigation is applied, avocado will sometimes 
suffer temporarily from drought. If clay content 
is high, oversaturation by the existing rainfall 
may be a serious problem and promote root rot. 
However, the clay content of the study area is 
greater than 50% and consequently, root 
impairment would be expected in the study area. 
     The higher clay content in the study areas 
indicates an old soil and the presence of clay 
parent materials. Although texture is inherent 
property, the higher clay content along the 
treatment (especially at treatment 5m and 10m) 
might be attributed to accelerated weathering as a 
result of disturbance during continuous 
cultivation (Boke, 2004; Alemayehu and 
Sheleme, 2013). The tendency to increase in clay 
fractions with soil depth in all treatments could 
also be related to the abundance (growth and 
developments) of root channels (macrospores) 
favoring the migration of fine clay fractions into 
the lower soil layers. This is in agreement with 
the reports of (Mosaddeghi et al., 2000); Brye, 
2003; Igue, 2004) in that clay fraction increased 
along depth due to selective removal of fine 
fractions by leaching through rainfall. 
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Table 1: Summary of ANOVA for SMC (%), BD (g/cm3), Soil textural fractions (sand, silt and clay, %), Pt (%) and NMFA (%). 
Source of variation df   SMC             Pt            BD           Sand                 Silt                Clay            NMFA 
                      MS        p       MS            p  MS       p       MS          p       MS   p        MS           p         
WOR    2       43.7        0.31     107.5        P<0.001       0.08        P<0.001      160.6       0.002       999.6        p<0.001        1863          p<0.001         
DISTA   3      6.72         0.63      61.39           0.001       0.044           0.001      107.3        0.005      256.11    0.004        30.61           0.738         
SD   2      115.2   p<0.001    73.98          0.001        0.053          0.001       9.39         0.640       506.72       p<0.001        718.79       P<0.001     
WOR*DISTA  6      15.2         0.270      15.12        0.167         0.01      0.168       15.12        0.630        76.26     0.19        151.75           0.078        
WOR*SD  4      6.68         0.68         5.74          0.651       0.004          0.644       132.93       0.001        101.43          0.106         251.58         0.017        
DISTA*SD  6      46.4         0.003       13.75         0.212      0.010           0.197      9.41            0.838        49.67           0.434          47.16          0.689         
WOR*DISTA*SD 12    3.60          0.982      8.73           0.52         0.01            0.50         14.14          0.758        49.90           0.456         113.34         0.147         
ERROR   36     11.44                      9.27                         0.006                            20.78                            49.17                             72.40                        
TOTAL   72 
WOR = Woreda, DISTA= Distance, SD = Soil Depth, SMC = Soil Moisture Content, BD = Bulk Density, df = Degree of Freedom, 
MS= Mean Square, Pt = Porosity, p = p-value. 
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Table 2: Soil textural fractions (%) in relation to location, soil depth (cm) and distance from the tree 
(Mean±SE) of Abaya woreda, Dara and Dilla zuria woreda. 
Location    Soil                      Soil   Distance from Persea  americana tree 
  
 Parameter            Depth (cm)    1m      2m                  5m   10m  Overall 
ABA      Sand  0-15 26±4.0  24±2.0  21±1.00  21±3.00  23.00±1.31a 
   15-30 20±6.00  16±.001  16±2.00  15±1.00  16.75±1.41a 
   30-60 15±3.00  14±2.00  11±3.00  19±1.00  14.75±1.41a 
   Overall 20.33±2.85a 18.00±2.10a 16.00±2.10b 18.33±1.41a 
       Silt  0-15 18±2.00  20±1.00  19±1.00  20±1.00  19.25±0.53a 
   15-30 14±4.00  10±4.00  16±8.00  7±1.00  11.75±2.28a 
   30-60 5±1.00  10±2.00  8±2.00  5±1.00  7.00±1.00b 
   Overall 12.33±2.70a 13.33±2.40ab 14.33±2.99b 10.67±2.99a 
       Clay  0-15 56±6  56±2.00  60±2.00  59±3.00  57.75±1.53a 
   15-30 66±10.00 74±4.00  68±6.00  78±2.00  71.50±2.97a 
   30-60 80±20.00 76±1.00  81±1.00  76±2.00  78.25±1.03
b 
   Overall 67.33±5.36a 68.67±4.19a 69.67±4.21a 71.00±3.96a 
DARA       Sand  0-15 24±1.00  23±.00  12±1.00  18±3.00             19.25±1.91a    
   15-30 20±3.00  15±6.00  13±1.00  18±1.00             16.50±1.64a 
   30-60 21±1.00  18±5.00  16±3.00  21.5±0.50          19.13±1.40a 
   Overall  21.67±1.12a 18.67±2.50a 13.67±1.12b 19.17±1.11a 
       Silt  0-15 20±5.00  17±1.00  31±10.00 29±4.00             24.25±3.16b 
   15-30 32±5.00  19±8.00  34±7.00  31±1.00             29.00±3.14b 
   30-60 25±10.00 10±11.00 34±7.00  7.5±2.5              19.13±5.18c 
   Overall 25.67±3.85b 15.33±3.91c 33.00±3.69b 22.50±4.91b 
       Clay  0-15 56±4.00  60±1.00  52±9.00  53±7.00             56.50±2.47b 
   15-30 48±8.00  66±20.00 53±7.00  51±1.00             54.50±3.31b 
   30-60 54±10.00 72±6.00  50±4.00  71±3.00             61.75±4.43c 
   Overall 52.67±3.78b 66.00±2.73b 53.33±3.37b 58.33±4.49b 
DZW         Sand                0-15 29.5±4.5 24.5±2.5 21.5±5.5 28.5±0.50 26.00±1.87b 
   15-30 24.5±7.5 25±3.0  22±4.00  22±6.00  23.37±2.11b 
                                            30-60     21.5±3.5 18±0.001 12.5±1.5 23±0.001 18.75±1.69b 
   Overall 25.17±2.85b 22.50±1.75b 18.67±2.65c 24.50±2.01b 
       Silt  0-15 28.5±0.50 23±3.00  39.5±2.5 26±3.00  29.25±2.53b 
   15-30 22.5±5.50 19.5±1.5 26.5±3.5 22.5±2.5 22.00±1.73b 
   30-60 5.5±7.50 25±1.00 1 20.0±2.0 17±9.00  19.38±2.64c 
   Overall 21.17±3.42b 22.50±1.36bc 28.67±3.83c 21.83±3.03b 
       Clay  0-15 50±4.00  59±3.00  48±4.00  51±3.00  52.00±2.07b 
   15-30 51±1.00  56±4.00  52±2.00  49±3.00  52.00±6.07b 
   30-60 60±0.001 50±4.00  58±2.00  61±3.00  57.25±1.93c 
   Overall 53.67±8.50b 55.00±2.35b 52.67±2.23b 53.67±70b  
 
Overall means followed by the same letter(s) across columns and rows are not significantly different (p 
= 0.05) with respect to location, distance from persea americana fruit tree and soil depth. ABA = Abaya 
woreda, DARA = Dara woreda, and DZW = Dilla zuria woreda 
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3.2.1.2 Soil Bulk Density (g/cm3), Porosity (Pt %) and Soil Moisture Contents (SMC %) 
 
 Results of soil bulk density (g/cm3), Porosity (Pt %) and soil moisture content (SMC %) are 
presented in Tables 3 and 4. Soil bulk density and total porosity were significantly differed (P<0.001, p 
= 0.001, Table 1) among Woreda, treatment and soil depth respectively. Soil moisture content (SMC %) 
was also significantly varied among soil depth (p<0.001) without showing statistically significant 
variation along with treatments and Woredas. Higher overall means of soil bulk density was found at 
Dilla Zuria area as compared to Dara and Abaya Woredas. In addition, overall mean of soil bulk density 
increased along the treatments and soil depth (Table 3). The higher bulk density was recorded at 10m 
distance and at 30-60 cm soil depths. As bulk density increases, total pore space declines and aerated 
pore space is destroyed.  Even if soil bulk density was found minimum near avocado tree, it was still a 
maximum (1.03g/cm3 for Abaya, 1.09 g/cm3 for Dara and 1.15 g/cm3 for Dilla Zuria Woreda) as it is 
compared with different literatures. According to (Ferreyra et al., 2007), the optimum soil bulk density 
required for avocado fruit trees ranges from 0.5 g/cm3 to 0.8 g/cm3 and high macro porosity (approx. 
46%) in andosols. But in Chile, avocado plantations are mostly located in fine textured soils, with bulk 
densities between 1.3 g cm-3 and 1.5 g cm-3 and macro porosities below 20%. Due to these soil 
conditions, severe problems of poor root aeration were observed, which in part may reduce production 
levels of avocado tree. 
     The higher bulk density at Dilla Zuria Woreda was probably due to difference in soil management 
from other Woredas. In addition, animal and human trampling probably becomes a contributing factor 
for higher soil bulk density in the area. On the other hand, minimum SOC was recorded in Dilla Zuria 
Woreda as compared to other Woreda and this might also contributed for the higher soil bulk density. 
Soil bulk density was also increased horizontally along the treatments. This was due to the presence of 
continuous soil disturbance (especially at 10m treatment) that forms compaction. The continuous soil 
disturbance results in rapid mineralization of SOM and thereby contributes for higher soil bulk density 
in the area (Mosaddeghi et al., 2000; Igue, 2004; Mulugeta Lemenih, 2004; Igwe, 2005).  With respect 
to soil depth, the presence of less soil aggregation due to lower SOC content and the pressure exerted by 
overlying soil layer have caused higher bulk density in the 30–60 cm soil depth (Arvidsson et al., 2000; 
Mosaddeghi et al., 2000 and Mulugeta Lemenih, 2004).  
Table 1: Soil bulk density (Bd g cm -3) and Porosity (%) in relation to location, soil depth (cm) and 
distance from the tree of Abaya, Dara and Dilla zuria  woreda (Mean±SE). 
Location    Soil                      Soil   Distance from Persea americana tree 
[   
 Parameter            Depth (cm)    1m      2m                  5m   10m  Overall 
ABA      BD  0-15 0.92±0.04 0.97±0.06 1.01±0.01 0.97±0.02 0.97±0.02a 
   15-30 0.96±0.03 1.05±0.02 1.06±0.04 1.03±0.12 1.03±0.03a 
   30-60 1.02±0.001 1.02±0.01 1.29±0.13 1.08±0.06 1.10±0.05b 
   Overall 0.97±0.02a 1.01±0.02a` 1.12±0.06b 1.03±0.04a 
      
                   Pt  0-15 65.23±1.57 63.62±2.13 61.85±0.52 63.35±0.77 63.51±0.70a 
   15-30 63.82±1.21 60.35±0.84 59.73±1.36 61.07±4.45 61.24±1.09a 
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   30-60 61.53±0.06 61.52±0.54 51.38±4.87 58.98±2.07 58.35±1.87b 
   Overall 63.53±0.85a 61.83±0.86a 57.65±2.41b 61.13±1.51a 
 
DARA     BD  0-15 0.92±0.09 1.07±0.11 1.21±0.08 1.08±0.1              1.08±0.05
a
 
   15-30 1.07±0.001 1.01±0.01 1.15±0.09 1.03±0.05            1.07±0.03a 
   30-60 1.10±0.04 1.09±0.02 1.23±0.04 1.06±0.05            1.12±0.03b 
   Overall 1.03±0.04a 1.06±0.03a 1.19±0.04b 1.06±0.03a 
      
                  Pt  0-15 65.35±3.24 59.88±3.90 54.37±3.17 59.08±3.79          59.67±1.99a 
   15-30 59.56±0.02 61.82±0.43 56.54±3.28 60.99±1.93          59.73±1.05a 
   30-60 58.53±1.64 58.83±0.68 53.70±1.40 60.01±2.01          57.77±1.08b 
   Overall 61.14±1.64a 60.17±1.16a 54.87±1.34b 60.03±1.26a 
 
DZW       BD  0-15 1.07±0.06 1.14±0.07 1.1±0.02 1.14±0.03 1.11±0.02b 
   15-30 1.14±0.05 1.07±0.03 1.17±0.01 1.15±0.02 1.13±0.02b 
   30-60 1.17±0.03 1.25±0.01 1.28±0.001 1.09±0.10 1.19±0.03c 
   Overall 1.13±0.03b 1.15±0.04b 1.18±0.03c 1.12±0.03b 
    
                 Pt  0-15 59.74±2.00 57.14±0.84 57.00±2.65 58.63±0.79 58.13±0.79b 
   15-30 56.95±1.98 56.84±0.62 59.81±1.05 55.77±0.35 57.34±0.72b 
   30-60 55.90±1.09 59.09±3.72 53.11±0.12 51.69±0.06 54.95±1.29c 
   Overall 57.53±1.07b 57.69±1.09b 56.64±1.43b 55.36±1.29b  
Overall means followed by the same letter(s) across columns and rows are not significantly different (p 
= 0.05) with respect to location, distance from persea americana fruit tree and soil depth. ABA = Abaya 
woreda, DARA = Dara woreda, and DZW = Dilla zuria woreda 
The soil moisture content (SMC %) was not found statistically significant across Woredas and 
treatments. Farmers have stated that, soils under the canopy of avocado tree are dry and have cracks near 
its base. However, the research has failed to show the claims of farmers in relation to water consumption 
because no differences were observed in moisture content between treatments.  
Table 4: Soil moisture content (SMC, %) in relation to location, soil depth (cm) and distance from the 
tree (Mean±SE) of Abaya, Dara and Dilla zuria  woreda. 
Location    Soil                      Soil   Distance from Persea americana tree 
[[[  
 Parameter            Depth (cm)    1m      2m                  5m                10m           Overall 
 
ABA      SMC  0-15  37.68±1.43 40.1±0.75 35.86±5.53 29.09±3.1             35.68±1.98a 
   15-30 30.4±1.12 29.27±0.57 32.19±1.43 31.51±4.67 30.84±1.04b 
   30-60 33.46±0.89 32.67±0.45 32.28±2.57 32.89±2.43 32.83±0.99b 
   Overall 33.85±1.43a 34.01±2.04a 33.44±1.87a 31.16±1.77a 
 
 
DARA        SMC  0-15  39.9±2.8 39.07±3.5 32.34±3.6 33.2±1.22            36.14±1.69a 
   15-30 31.1±2.6 32.86±0.51 31.6±2.03 33.98±4.66           32.38±1.16b 
   30-60 30.34±3.1 31.07±1.36 30.63±1.62 37.5±4.70             32.38±1.60b 
   Overall 33.78±2.33a 34.33±1.82a 31.52±1.18a 34.89±1.93a 
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DZW      SMC  0-15  33.94±0.69 38.14±1.8 33.35±1.91 30.16±0.03 33.89±1.19a 
   15-30 28.38±1.91 30.5±0.06 30.91±0.02 29.21±0.35 29.75±0.53b 
   30-60 28.67±2.18 28.75±2.06 31.34±1.00 31.61±0.06 30.09±0.79b 
   Overall 30.33±1.38
a
 32.47±1.95
a
 31.86±0.73
a
 30.33±0.45
a
 
Overall means followed by the same letter(s) across columns and rows are not significantly different (p 
= 0.05) with respect to location, distance from persea americana fruit tree and soil depth. 
ABA = Abaya woreda, DARA = Dara woreda, and DZW = Dilla zuria woreda 
Many scholars (Coit, 1940; Garcia and Flores, 1986) have shown that avocado tree naturally has a 
surface rooting system. The fine fibrous rootlets, which absorbwater, food and air, develop at or near the 
surface of the soil. According to these authors (Coit, 1940; Garcia and Flores, 1986), among the main 
factors which influence the moisture absorption of avocado tree are its root development and distribution 
in both vertical and horizontal directions. The rooting system of avocado tree is highly influenced by the 
existing soil textural fraction of the study area. The dominant soil textural class as it was mentioned 
above is clay and this has impacted the rooting habits of avocado tree trees in the study area. As (Coit, 
1940) stated, rooting systems of avocado tree in clay soils are less developed and located a few 
centimeters from the surface. This was practically observed by the researchers in the farmer's field and 
majority of the root system was found within the range of 0-30 cm soil depth. As a result, much soil 
moisture absorption is takes place by these fibrous rootlets and strongly competes with other plants. The 
competition for moisture becomes tough especially during dry period. 
3.2.2 Effect on the Chemical Properties of the Soil 
3.2.2.1 Soil Reaction (pH-H2O, 1:2.5) and Electrical conductivity (EC, ds/m) of the Soil 
 
 Soil reaction (pH-H2O, 1:2.5) value has shown a highly significant (p< 0.001, Table 5) variation 
between the study site (Woreda). But no significant variation was recorded along treatments and soil 
depth in all study sites. The highest mean pH values were observed at Dara Woreda (6.44, Table 6) 
which was followed by Dilla zuria (6.22) and Abaya Woredas (5.70). Although significant variations 
were not recorded horizontally along the treatment (1m, 2m, 5m, and 10m), the overall mean pH value 
has decreased in Abaya and Dara Woreda (Table 6) while it was increasing in Dilla Zuria Woreda. 
However, higher soil pH values were recorded near the bases of avocado tree at Abaya and Dara 
Woredas while it was lower at Dilla Zuria Woreda. 
Similarly, soil depth has no significant effect on the soil pH in the study areas. However, 
considering the overall mean values of soil pH along soil depth, decreasing values were recorded in the 
Woredas. According to (Ferreyra et al., 2007), the soil pH value optimal to avocado (P. americana 
Mill.) trees production is between 5 and 6. However, the pH value of the study area was 5.7, 6.44 and 
6.22 for Abaya, Dara and Dilla Zuria Woreda respectively. The higher overall mean pH values near the 
base of avocado tree were probably due to the presence of higher values of exchangeable bases as 
compared to the control treatments (10m). Farmers (especially in Dara woreda) have an experience of 
adding wood or biomass ash, refuses and animal manure at the base of the Avocado tree (Figure 2). 
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    It was reported that household refuse and wood ash provides considerable amount of Ca
2+
, Mg
2+
 and 
K
+
 and increases the pH values of the soil (Misra et al., 1993). Moreover, although farmers have been 
complaining on the rate of avocado leaf decomposition (remains undecomposed for a long time), there 
are also considerable amount of exchangeable basis coming from P. americana leaves through 
decomposition. The leaf which is accumulated under the canopy may undertake decomposition through 
time which in turn could be affected by many factors such as availability of soil moisture that are 
subjected for spatial and temporal variation.  
The lowest mean value of pH under Abaya Woreda (5.7, Table 6) might be due to depletion of 
basic cations either by plant root extraction or leaching (Nega Emiru, 2006). In addition, soil parent 
materials or type of clay soil and climate might have contributed for the lower pH values as compared to 
Dara and Dilla Zuria Woreda. On the other hand, practice of using input is believed to be variable from 
area to area and farmers to farmers. On top of this, the lower pH value at Abaya woreda probably due to 
long term effect of chemical fertilizer (UREA and DAP) application. Moreover, the presences of 
microbial oxidation especially on the treatments which are far from the base of the P. americana (10m) 
probably contributes for the lower values of soil pH in the study area. This in turn partly enhances the 
amount of Al
3+
 and H
+
 in soil solutions (Nega Emiru, 2006; Gebeyaw Tilahun, 2007; Getahun Haile et 
al., 2014). Generally, the pH values observed in the study area are within the ranges of moderate to 
weak acidic (5.70- 6.44) according to (Tekalign Tadese,1991) classification.  
    Soil Electrical Conductivity (EC, ds m
-1
) significantly varied between the study sites (p<0.001, Table 
5), treatment (p = 0.001) and the soil depth (p = 0.019). The higher overall mean value of EC was 
recorded at Dara woreda (0.13 ds m
-1
) followed by Dilla Zuria (0.076 ds m
-1
) and Abaya (0.068 ds m
-1
) 
Woredas (Table 6). The higher overall mean values of EC at Dara Woreda might be as a result of 
inherent factors affecting EC include soil minerals, climate, and soil texture. As it was mentioned above 
under soil texture analysis, the dominant textural fraction in all the study area was clay. So therefore, 
many scholars (for instance, Aubert et al., 2003; Sithambaranathan, 2009) have witnessed that EC 
values in clay soil become higher as compared to sand and silt. Clay soil also forms some clay pan 
below the top soil surface which further facilitate for higher EC being accumulated in 0-15 cm soil layer. 
Moreover, salts could not be leached away from the top surface in soils dominated by clay. The value of 
EC decreased horizontally along the treatments. This was probably due to the presence of less soil 
organic matter addition as compared to areas near the base of avocado fruit tree. Soil management that 
leads to high organic matter addition in the soil would increase EC and the so il’s ability to buffer EC. In 
addition to the above, the leaf of avocado which is accumulated near the trunk has its own contribution 
for the increased values of EC. Off course, there is no research finding that support and indicate the type 
of cations and anions coming-out from the leaves of avocado trees. However, a few scholars (Coit, 
1940) have reported that, the leaf of avocado has some toxic substances. The claims of the local farmers 
to some extent may be emanated from the fear that its leaf leaks some toxic substances which 
continuously suppress other plants/crops not to grow rigorously. During decomposition, it may release 
some nutrients responsible for higher EC but toxic to other plants/crops found under storey.  
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Table 5: Summary of ANOVA for pH-H2O (1:2.5), EC (ds/m), SOC (%), TN (%), Available Phosphorus (Ava. P. Olen, mg/kg soil) 
and Cation Exchange Capacity (CEC, c mol+/kg soil). 
Source of variation df           pH                         EC                 SOC                    TN                   AVA.P                   CEC                   
                  MS             P         MS            P             MS    P   MS           P      MS          P                 MS          P             
WOR                2 2.73          p<0.001     0.032     p<0.001      1.56        p<0.001    0.26          p<0.001      43.56      p<0.001       5.14       0.504        
DISTA   3 0.078       0.654        0.003      0.001          0.24        0.038          0.023     0.009         5.67        0.279           12.3       0.041         
SD   2 0.42         0.066    0.010        0.019         3.87        p<0.001     0.118          p<0.001     90.85     p<0.001        152.44   p<0.001     
WOR*DISTA  6  0.203      0.236        0.006      0.087         0.246      0.197          0.006          0.313         6.00        0.237            10.27       0.243       
WOR*SD  4  0.352       0.063       0.002      0.557         0.074      0.767         0.006          0.334        1.68         0.81              1.46        0.938         
DISTA*SD  6  0.089       0.715       0.002      0.741         0.132      0.565         0.005          0.455       4.403        0.418            3.84        0.788          
WOR*DISTA*SD 12  0.081      0.854        0.003      0.621         0.285      0.093        0.007           0.277        9.153       0.038            7.79        0.422            
ERROR                36   0.143                      0.003                         0.161                       0.005                          4.25                              7.363                         
TOTAL                72 
WOR = Woreda, DISTA= Distance, SD = Soil Depth, EC = Soil Electrical Conductivity, SOC= Soil Organic Carbon, TN = Total 
Nitrogen, pH = Soil Reaction, CEC = Cation Exchange Capacity, AVA. P = Available Phosphorus, MS= Mean Square, p = p-value 
and df = Degree of Freedom. 
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Table 6: Soil Reaction (pH-H2O, 1:2.5) and Electrical conductivity (EC, ds m-1) in relation to location, 
soil depth (cm) and distance from the tree of Abaya, Dara and Dilla zurial woreda 
(Mean±SE). 
Location     Soil                      Soil   Distance from Persea americana tree  
  Parameter            Depth (cm)      1m       2m                  5m                   10m              Overall 
    ABA    pH  0-15  5.65±0.55 5.95±0.05 5.85±0.15 5.90±0.10 5.84±0.12a 
                                        15-30 6.05±0.55 5.85±0.15 5.50±0.01 5.70±0.30 5.78±0.14a 
                                          30-60 5.60±0.1 5.50±0.10 5.50±0.01 5.25±0.25 5.46±0.13a 
                  Overall 5.77±0.22a 5.77±0.10a 5.62±0.08a 5.62±0.15a   
    
                EC  0-15 0.20±0.01 0.078±0.01 0.70±0.03 0.05±0.002 0.26±0.01a 
   15-30 0.06±0.02 0.071±0.02 0.04±0.01 0.04±0.010 0.05±0.01b 
   30-60 0.04±0.02 0.09±0.04 0.03±0.05 0.03±0.021 0.05±0.01b 
   Overall 0.10±0.01a 0.08±0.01a 0.05±0.01a 0.04±0.01b 
 
DARA     pH  0-15  7.5±0.005 6.55±0.15 6.35±0.05 6.55±0.35 6.65±0.14b 
                                        15-30 6.8±0.1  6.35±0.35 6.3±0.1  6.00±0.001 6.36±0.13b 
                                          30-60 6.4±0.3  6.3±0.6  6.25±0.35 6.25±0.55 6.30±0.18b 
                  Overall 6.78±0.16b 6.40±0.19b 6.30±0.10b 6.27±0.19b   
      
               EC  0-15 0.32±0.19 0.09±0.07 0.10±0.06 0.13±0.01 0.16±0.05b 
   15-30 0.15±0.01 0.13±0.03 0.12±0.02 0.12±0.014 0.13±0.01c 
   30-60 0.12±0.031 0.12±0.004 0.09±0.01 0.041±0.02 0.09±0.01c 
   Overall 0.20±0.06b 0.11±0.02b 0.103±0.02b 0.10±0.02c 
 
   DZW    pH  0-15  6.15±0.15 6.10±0.1 6.25±0.25 5.95±0.05 6.11±0.07b 
                                        15-30 6.35±0.05 6.65±0.35 6.70±0.40 6.60±0.40 6.58±0.14b 
                                          30-60 5.85±0.05 6.10±0.10 5.85±0.15 6.10±0.05 5.96±0.07b 
                  Overall 6.12±0.10b 6.28±0.15b 6.27±0.20b 6.20±0.17b   
      
              EC  0-15 0.14±0.04 0.11±0.02 0.08±0.02 0.08±0.02 0.10±0.01a 
   15-30 0.05±0.001 0.07±0.01 0.06±0.01 0.06±0.05 0.06±0.09b 
   30-60 0.08±0.02 0.07±0.02 0.06±0.01 0.05±0.001 0.06±0.01b 
   Overall 0.09±0.02a 0.083±0.01a 0.067±0.01a 0.063±0.01b  
Overall means followed by the same letter(s) across columns and rows are not significantly different (p 
= 0.05) with respect to location, distance from persea americana fruit tree and soil depth. 
ABA = Abaya woreda, DARA = Dara woreda, and DZW = Dilla zuria woreda 
3.2.2.2 Soil Organic Carbon (SOC, %) and 
Total Nitrogen (TN, %) of the Soil 
 SOC significantly varied between study 
sites (p < 0.001, Table 5), treatment (p = 0.038) 
and soil depth (p < 0.001). SOC was higher in 
Dilla Zuria (1.89%), followed by Abaya (1.54%) 
and Dara (1.39%) Woredas. The SOC mean 
values decreased as the distance away from the 
P. americana increases in entire study site (Table 
7). So therefore, higher SOC was recorded near 
the base of P. americana trees. The higher SOC 
was due to the presence of lower organic carbon 
turnover rate as a result of minimum soil 
disturbance near the base of the tree and 
accumulation of higher amounts of organic 
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matter on the top soil surface under the canopy of 
fruit tree (Sithambaranathan, 2009). Though 
farmers in the study area perceived that the 
accumulated litter fall under the canopy of the 
fruit tree do not decompose within the short 
period time, it is true that organic matter beneath 
the top surface would decompose and changed in 
to soil through time. 
 Differences in SOC on the basis of 
location might be attributed by topography, soil 
texture and climatic variables (Yimer and 
Abdelkadir, 2011). The combined effect of these 
variables would have an effect on the spatial 
variability of SOC. The lowest SOC at the distant 
treatment (5m and 10m) could be due to low 
organic matter inputs coupled with reduced soil 
physical protection (due to high soil disturbance). 
The area which is far from P. americana tree 
involve frequent soil disturbance by farm 
operations and as a result SOC depletion is 
commonly observable. The practice of removing 
some crop residues from areas far from the base 
of P. americana tree for either animal feed or 
fuel wood has resulted minimum SOC. Strong 
variation in SOC content with soil depth was 
observed at all study sites (woreda). Based on the 
overall mean, higher SOC value was recorded on 
the top soil layer (0-15 cm) and a decreasing 
trend was observed along soil depth in all study 
sites (Table 5).  Many researchers (for instance, 
Gregorich et al., 1995; He et al., 2009) have 
shown similar results.  
 Similar to SOC, there was a significant 
variation in total nitrogen (TN %) between the 
study site (p<0.001, Table 5), treatment (p = 
0.009) and soil depths (p<0.001). Considering 
the overall mean values of TN (%), higher value 
was observed (0.35%) at Dilla Zuria followed by 
Dara (0.31%) and Abaya (0.17%) Woredas 
respectively. Similar to that of SOC, TN has 
shown a decreasing trend along the treatments. 
So therefore, higher value of TN (%) was 
recorded near the base of avocado trees. The 
higher TN (%) value was attributed partly by 
higher addition of organic matter in the form of 
litter coming from avocado tree itself.  Moreover, 
house waste disposal as well as manure and ash 
have also contributed for the highest value of 
TN. There was a positive correlation between 
SOC and TN (Urioste, 2006) in the study area. 
Considering soil depth, higher amount of TN was 
recorded on the top surface (0-15 cm, Table 5) 
and a decreased value was recorded along the 
soil depth. This result agrees with study of [40] 
who found a decreasing trend of TN content with 
increasing soil depths in Central Highlands of 
Ethiopia. The higher TN on the top soil surface 
(0-15 cm) directly related with the SOC addition 
on the soil.  
Table 7: Soil organic carbon (SOC, %) and Total Nitrogen (TN, %) in relation to location, soil depth 
(cm) and distance from the tree  of Abaya, Dara and Dilla zuria woreda (Mean±SE). 
Location     Soil                      Soil   Distance from Persea americana tree 
  
  Parameter            Depth (cm)      1m       2m                  5m                   10m              Overall 
     ABA      SOC  0-15 2.59±0.21             1.92±0.47 1.38±0.38 1.79±0.56 1.92±0.23a 
   15-30 1.64±0.04 1.61±0.09 1.58±0.17 1.26±0.15 1.52±0.07b 
   30-60 1.24±0.13 1.15±0.22 1.24±0.13 1.06±0.06 1.17±0.06b 
   Overall 1.82±0.26a 1.56±0.19b 1.40±0.13b 1.37±0.20b 
       
                   TN  0-15 0.33±0.05 0.24±0.02 0.21±0.04 0.16±0.05 0.24±0.02a 
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   15-30 0.20±0.05 0.12±0.02 0.13±0.03 0.11±0.04 0.14±0.02b 
   30-60 0.16±0.05 0.16±0.06 0.14±0.001 0.08±0.001 0.13±0.02b 
   Overall 0.23±0.02a 0.17±0.03b 0.16±0.02b 0.12±0.02b 
   
 DARA       SOC  0-15 2.79±0.02 2.03±0.55 1.89±0.33 0.96±0.18 1.92±0.78a 
   15-30 1.23±0.06 1.15±0.25 1.33±0.35 1.05±0.35 1.19±0.11b 
   30-60 0.96±0.14 1.05±0.07 0.94±0.26 1.35±0.22 1.08±0.09b 
   Overall 1.66±0.36a 1.41±0.25b 1.38±0.23b 1.12±0.14b  
      
                    TN  0-15 0.48±0.02 0.47±0.02 0.29±0.12 0.42±0.01 0.42±0.04b 
   15-30 0.40±0.08 0.25±0.1 0.19±0.04 0.21±0.03 0.26±0.04c 
   30-60 0.32±0.03 0.2±0.12 0.33±0.02 0.19±0.09 0.26±0.04c 
   Overall 0.39±0.04b 0.31±0.07c 0.27±0.04c 0.27±0.05c 
  
DZW        SOC  0-15 2.64±0.11 2.57±0.16 2.20±0.02 1.93±0.22 2.34±0.12b 
   15-30 1.82±0.26 1.56±0.12 1.70±0.70 1.75±0.38 1.70±0.16c 
   30-60 1.86±0.001 1.65±0.48 1.55±0.21 1.43±0.35 1.62±0.13c 
   Overall 2.11±0.18b 1.92±0.24c 1.81±0.22c 1.70±0.17c  
        
                 TN  0-15 0.47±0.01 0.39±0.001 0.42±0.09 0.46±0.04 0.44±0.02b 
   15-30 0.40±0.02 0.37±0.02 0.32±0.01 0.20±0.09 0.32±0.04c 
   30-60 0.30±0.02 0.30±0.02 0.30±0.03 0.27±0.05 0.29±0.01c 
   Overall 0.39±0.03b 0.35±0.02c 0.35±0.04c 0.31±0.06c 
 
Overall means followed by the same letter(s) across columns and rows are not significantly different (p 
= 0.05) with respect to location, distance from persea americana fruit tree and soil depth. 
ABA = Abaya woreda, DARA = Dara woreda, and DZW = Dilla zuria woreda 
3.2.2.3 Available Phosphorus (Ava. P. Olen, 
mg/kg soil) and Cation Exchange Capacity  
                           (CEC, c mol
+
/kg soil). 
 
Available phosphorus (Ava. P mg/kg soil) 
significantly varied with study site (p < 0.001) 
and soil depth (p < 0.001, Table 5). Available P 
was higher in Dilla Zuria (9.50 mg/kg soil), 
followed by Abaya (7.84 mg/kg soil) and Dara 
(6.83 mg/kg soil) woreda (Table 8). Even 
though, available P was not significant at all 
treatments, its overall mean decreased as distance 
away from p. americana increases in all study 
site (Table 8). So therefore, relatively higher 
available p was recorded near the base of p. 
americana fruit trees similar to other soil 
parameters. Considering soil depth, higher 
available P was recorded at 0-15 cm soil depth 
(Table 8) and minimum overall values were seen 
as soil depth increases in the study area. 
According to Landon (1991) available P level of 
< 5 mg/kg is rated as low, 5-15 mg/kg as medium 
and > 15 mg/kg is rated as high. Thus, the 
available P of the soils of the study area was in 
between 5-15 mg/kg of soil qualifying for the 
medium range. The difference in available P at 
study site was probably as a result of differences 
in parent material and chemical fertilizer 
practices (Horta, 2007). In the study area, the 
dominant soil textural fraction was clay which is 
an indication of highly weathered soil and as 
Gebeyaw (2007) has shown that, in highly 
weathered soil rather than organic matter, 
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mineral weathering from parent material have 
considerable importance as a source of available 
P. Moreover, relief/aspect induced microclimate 
differences (Fantaw et al., 2006) which could be 
manifested on soil mineral weathering and 
nutrient cycling probably the cause for the 
observed variation in available phosphorus 
among the study sites. Considering the soil 
depth, significantly higher content of available 
phosphorous on 0-15 cm soil layer could be 
related to the faster process of mineralization and 
mobilizing of phosphorous favoured by the effect 
of soil disturbance especially on 5m  and 10m 
treatments, but the frequency of soil disturbance 
at the different study site has not been 
investigated. The decreasing trend in soil depth 
was probably due to increased phosphorus 
fixation and lower rates of decomposition in the 
soil (Fantaw et al., 2006). 
Table 8: Available Phosphorus (Ava. P. Olen, mg/kg soil) and Cation Exchange Capacity (CEC, c 
mol+/kg soil) in relation to location, soil depth (cm) and distance from the tree of Abaya, 
Dara and Dilla zuria  woreda (Mean±SE). 
Location     Soil                      Soil   Distance from Persea americana tree 
 
  Parameter            Depth (cm)      1m       2m                  5m                   10m                   Overall 
ABA       AV. P 0-15 9.5±2.50 7.00±2.0 13.0±1.00 9.0±3.00 9.63±1.18a 
   15-30 8.50±0.50 8.00±1.00 8.0±0.001 6.50±0.50 7.75±0.37b 
   30-60 6.00±1.00 6.50±0.50 6.50±0.050 5.50±050 6.13±0.30b 
   Overall 8.00±0.97a 7.17±0.65a 9.17±1.28a 7.00±1.03a      
                   CEC  0-15 38.3±1.70   37.50±0.50  35.10±0.10 35.75±2.45 36.66±0.75a 
   15-30 35.40±0.10    34.20±0.20 33.95±1.05 32.6±4.40 34.04±0.94b 
   30-60 33.45±0.35   31.00±0.40   30.70±1.30 29.55±2.05 31.17±0.71c 
   Overall 35.72±0.99 a    34.23±1.20ab   33.25±0.94ab 32.63±1.80b     
 DARA        AV. P 0-15 14±0.001 9.5±1.50 3.50±1.50 10±3.00  9.25±1.56a 
   15-30 6.00±0.001 6.50±1.50 5.50±1.50 5.5±1.50 5.88±0.52b 
   30-60 4.50±0.50 4.50±1.50 7.00±1.00 5.50±0.50 5.38±0.53b 
   Overall 8.17±1.87a 6.83±1.14a 5.33±0.803a 7.00±1.29a      
                   CEC  0-15 38.00±2.00 37.25±0.75 37.70±0.30 35.90±2.30 37.21±0.71a 
   15-30 35.95±0.35 35.6±0.4 35.65±1.15 32.6±4.40 34.95±1.05b 
   30-60 34.00±0.001 30.95±0.45 32.05±0.95 30.80±1.20 31.70±0.57c 
   Overall 35.98±0.98a 34.6±1.22ab 34.80±1.30ab 33.10±1.62b      
 DZW         AV. P 0-15 13.5±0.50 13.0±1.00 10.0±1.00 11.0±0.001 11.9±0.61b 
   15-30 9.00±1.00 7.50±0.50 9.00±2.00 8.50±3.50 8.50±0.82c 
   30-60 9.00±0.001 8.50±2.50 7.00±2.00 8.00±1.00 8.13±0.69c 
   Overall 10.50±0.99b 9.67±1.28b 8.67±0.96b 9.17±1.14b     
                 CEC  0-15 37.65±1.35 37.50±0.50 33.6±1.60 37.05±1.45 36.45±0.8a 
   15-30 34.35±0.35 33.35±1.65 34.9±0.1 36.70±1.10 34.83±0.6b 
   30-60 37.00±3.00 33.9±2.80 31.4±1.40 27.20±5.80 32.37±1.9c 
   Overall 36.33±1.07a 34.92±1.18a 33.30±0.85a 33.65±2.57a 
Overall means followed by the same letter(s) across columns and rows are not significantly different (p 
= 0.05) with respect to location, distance from persea americana fruit tree and soil depth. ABA = Abaya 
woreda, DARA = Dara woreda, and DZW = Dilla zuria woreda. 
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Cation exchange capacity (CEC) has shown a significant variation along treatments (p = 0.04, Table 5) 
and soil depth (p<0.001, Table 5).  Considering treatments (horizontal distance), relatively higher 
overall mean value of CEC was recorded near the base of the p. americana fruit trees and a decreasing 
trend was observed as distance away from the base increases (Table 8). The higher amount of CEC near 
the p. americana was due to the presence of higher SOC addition/accumulation either from litter fall 
from the fruit tree itself or household disposal accumulated near the base of p. americana fruit tree. The 
clay fraction which is dominantly found in the study sites, has also contributed for the higher amount of 
CEC near the base of the fruit tree, since clay soil fraction has higher CEC holding capacity. However, 
as distance away from the fruit tree increases, in opposite to clay content, CEC was found minimum in 
line with SOC contents. This was probably due to organic matter depletion as a result of either less 
addition or soil disturbance, since frequency of farm operation increases as distance away from the fruit 
tree increases horizontally. These results were in agreement with pervious findings of Boke (2004) and 
Negassa (2001).  On the other hand, along the soil depth, CEC decreased in all the study sites. The 
highest CEC was recorded at 0-15 cm soil depth in all the study sites. The main reason for higher CEC 
at 0-15 cm soil depth was the addition of some organic matter containing inputs like dead plant roots, 
litter fall and remains of crops after harvesting (Ketema and Yimer, 2014). On the other hand, since clay 
textural fractions were higher in the study sites, sealing of soil pores and compaction is highly expected 
and thus, nutrients responsible for the higher CEC are unable to move down to 15-30 and 30-60 cm soil 
depth.   
3.2.3.4 Effect of Avocado (P. americana Mill.) Tree on the Understorey Plants 
Significant variation of plant richness (p = 0.001) and density (p<0.001, Table 9) were recorded between 
treatments (Table 9). The average plant richness has increased significantly along the treatments in all 
Woredas (Table 10). This is an indication of the presence of favorable condition for plant growth per 2 
square meters as the distance from avocado tree increased from 1m to 10m. The impact of shading by 
the broad leaves avocado trees becomes magnificent in suppressing plant species growing under its 
canopy. 
Table 9: Summary of ANOVA for plant Richness, Density and Diversity  
Source of  
Variations          df       Richness                   Density                            Diversity 
     MS         p          MS            p        MS             p  
   WOR  2 0.667       0.77       65,629.17         0.46       0.06         0.09 
   DISTA  3 30.67       0.001     214,219            P<0.001       0.049       0.104 
  WOR*DISTA 6 1.01      0.865      42,509.5          0.766       0.024       0.352 
   ERROR  12 2.50          78,186.3                   0.019  
   Total   24 
WOR = Woreda, DISTA= Distance, MS= Mean Square, p = p-value and df = Degree of Freedom. 
 
Similar results were suggested by (Gillet et al., 1999; Breshears, 2006) where avocado fruit tree strongly 
affects the plant species growing under its canopy. Moreover, [1] has suggested that, as horizontal 
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distance increases away from avocado trees, small number of shade tolerant plant species would be 
replaced by large number of light loving plant species as shade is one factor for normal growth of plant 
species. 
 
Table 10: Plant Richness, Density and Diversity in relation to Woredas (Abaya, Dara and Dilla zuria  
woreda) and distance from the tree (Mean±SE). 
Woreda      Parameters                     Distance from Persea americana tree 
 
                                        1m                     2m                5m                       10m                    
DAR      Richness  5.01±0.01
a
       6.01±0.01
ab
    8.5±0.01b
c
       8.5±0.50
cd
 
      Density  986.5±2.85
a
       1270±5.15
ab
   1725±1.01
bc
       2260±4.14
d
 
      Diversity  0.42±0.06
a
        0.49±0.15
a
   0.42±0.13
a
       0.26±0.02
a
 
 
DZ      Richness  4.5±0.06
a
         5.5±0.5
ab 
              8.01±1.01
bc
     10±2.01
cd
 
        Density  1310±7.10
a
         1279±1.30
ab
   1573.5±4.75
bc
   2704.5±1.39
d
 
      Diversity  0.7±0.25
a
         0.32±0.01
a
    0.35±0.01
a
      0.30±0.04
a
 
 
ABA      Richness  5.01±1.01
a
          6.01±0.01
ab
     8.01±1.01
bc 
       11.1±1.01
cd
 
      Density  977±1.37
a
         1274±1.81
ab
     1632.5±6.50
bc
   2354±4.33
d
 
      Diversity  0.28±0.11
a
         0.29±0.01
a
    0.30±0.01
a
       0.18±0.03
a
  
    Means followed by the same letter(s) across columns and rows are not significantly different (p = 
0.05) with respect to Woreda and distance from persea americana tree.  ABA = Abaya woreda, DAR = 
Dara woreda, and DZ = Dilla zuria woreda. 
Species richness as a measure on its own takes no account of the number of individuals of each species 
present. It gives equal weight to those species with very few individuals and those with many 
individuals. A better measure of diversity should take into account the abundance of each species. 
Simpson’s index (D) is a measure of diversity, which takes into account both species richness, and an 
evenness of abundance among the species present. The value of D ranges from 0 to 1. With this index, 0 
represents infinite diversity and, 1, no diversity. That is, the bigger the value the lower the diversity. As 
we go away from avocado tree, the diversity has increased along the treatments. High species diversity 
suggests there is a greater number of successful species and more ecological niches are available. As 
conclusion, the density, the species richness and the diversity of plants increases as distances from 
avocado tree increases. 
 
4. Conclusions and Recommendations 
4.1 Conclusion 
Based on the findings of the research, the 
following conclusions can be drawn: 
 Farmers in the study area have long time 
experience of planting avocado tree on 
their farm. As a result, they have a lot of 
information and IK about the 
characteristics of avocado and its impact 
on their farm. 
 Almost all farmers in the study sites have 
planted avocado for income generation 
purpose, as a result, the fruit tree was 
expanded rapidly in their farm without 
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maintaining the required spacing and 
specific land use. 
 All farmers in the study area have 
recognized and understood avocado tree 
as if it has effects on the soil as well as on 
the plants found under storey. It is 
possible to conclude the farmers' worry 
into three categories: 
 Its effect on soil moisture 
consumption 
 Its shading effects on the 
under storey plants/weeds and  
 Its slow leaf decomposition 
rate as compared to other tree species in 
the   farm. 
 On the other hand, the attempt that was 
made to confirm effect of avocado tree on 
the selected soil properties contrasts with 
the idea/opinion of local farmers. Almost 
all the selected soil properties like soil 
reaction (pH), EC, SOC, TN and Number 
of soil macro-fauna have decreased along 
the treatments (horizontal distance). 
These soil parameters were more 
concentrated on the top soil surface near 
avocado tree. So therefore, it is possible 
to conclude that, the soil is not affected 
by avocado tree to a level that it could 
affect other plants found under its 
canopy. This is because, from soil 
fertility point of view, all soil parameters 
are found at the optimum level in the 
study area. 
 Though the SMC does not have 
significant difference along the 
treatments, the higher soil moisture 
consumption by avocado tree is as a 
result of its rooting system. The roots of 
avocado tree are highly concentrated on 
the top soil surface where majority of 
crops rooting zone is found. 
 Concerning plant species density, the 
species richness and the diversity of 
plants increases as distances away from 
avocado tree increases. Small number of 
shade tolerant plant species was replaced 
by large number of light loving plant 
species along the treatments. Shade is the 
most detrimental factor. So therefore, it is 
possible to conclude that all the problems 
raised by the farmers in the study area 
were mostly as a result of spacing 
between avocado trees.  Moreover, 
avocado varieties, micro-topographic 
variations and climatic variables might 
also contributes for the existing problems 
in the study area.   
4.2 Recommendation 
 As farmers of the study area have 
suggested, we also recommend that 
reducing the number of avocado tree 
(especially old aged tree) from their farm 
through time may reduce the observed 
effect on the under storey plants. This 
practice may also give chance for 
maintaining the required spacing between 
avocado trees in the farm. 
 If possible, allocation of specific land 
use for avocado plantation is more 
advisable in the area. If not, planting 
along the border and road side is more 
preferable than planting it together with 
other crops like coffee.  
 Variety selection in relation to 
compatibility with the agro-forestry 
system of the area must be conducted by 
the concerned body like Bureau of 
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agriculture, universities and research 
center. 
 Finally, this research was not exhaustive 
in considering the main soil fertility 
related physico-chemical properties of the 
study area. This was due to limited 
research budget. So therefore, further 
research works are recommended for 
detail assessment of avocado tree effect 
on the soil and under storey plant species 
through taking more soil samples and 
parameters in the area.  
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